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Abstract 12 
Research examining kinematic parameters of the canine athlete is markedly behind 13 
equivalent human and equine research. With increasing participation and popularity, canine 14 
sports science needs to bridge this gap with comparable equine research. The aim of this 15 
study was to examine changes to specific kinematic parameters as hurdle height increases. 16 
Twenty border collies and border collie crosses were analysed jumping over a single hurdle at 17 
increasing heights, starting with a pole on the floor and increasing to a maximum height of 18 
65cm. Length of trajectory and jump speed were analysed, alongside apparent (without the 19 
use of markers) neck, lumbar spine and shoulder angles using Dartfish software.  For each 20 
dog, the percentage of the hurdle height in relation to their height at the dorsal aspect of the 21 
scapula (withers) was used to normalise the dogs evenly.   22 
  23 
Overall jump speed decreased as percentage height increased (P < 0.001), with a strong 24 
negative correlation between the two (r = -0.815). Length of trajectory significantly increased 25 
with percentage height (P < 0.001) with a strong positive correlation between the two (r = 26 
0.740). However, length of trajectory decreased when a dog jumped ≥  126% of its height to 27 
the withers. This is supported by a significantly more flexed apparent neck angle upon 28 
landing at this percentage height (P < 0.001). Apparent lumbar spine angles showed greater 29 
dorsal extension upon landing as percentage height increased (P < 0.001). Apparent shoulder 30 
angles become significantly more flexed as percentage height increased during the 31 
suspension phase of the jump (P < 0.001). These results suggest that dogs significantly alter 32 
their jump kinematics as hurdle height increases.   33 
 34 
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Introduction 36 
Despite the paucity of canine biomechanics research being identified almost a decade ago, 37 
there continues to be a distinct lack of research examining the canine athlete, particularly 38 
when compared to equivalent equine research (Colborne, 2007). Historically, equines have 39 
been the traditional sporting animal with research examining optimisation of athletic ability 40 
(Vogel, 1996) alongside identifying kinematic parameters that may be indicative of future 41 
success (Santamaria et al., 2002). This, in part, could be due to both the financial and time 42 
constraints attributed to producing a successful sporting horse, thus research examining ways 43 
to increase their competitive success is highly desirable.   44 
 45 
Research in equine jump kinematics has determined that both fence height and fence type 46 
alters limb placement and joint angles during the take-off, suspension and landing phase of 47 
the jump (Clayton and Barlow, 1989; Powers and Harrison, 1999; Hole et al., 2002). An 48 
optimum take-off point has also been determined in horses, with ‘good’ show jumpers being 49 
better able to judge this optimum distance when compared to ‘bad’ show jumpers (Powers 50 
and Harrison, 2000). During a puissance competition, successful horses took off significantly 51 
further away from the hurdle, with take-off distance increasing with fence height (Powers, 52 
2002). Furthermore, ‘successful’ horses also adopted a more vertical take-off position than 53 
unsuccessful horses (Powers, 2002).   54 
 55 
Early studies examining jump characteristics in foals aged 6 months, found similar patterns to 56 
successful adult horses, suggesting these parameters may be useful for early selection 57 
(Santamaria et al., 2002). Training also impacts upon jump kinematics (Wejer et al., 2013), 58 
with one study finding that four months of training can significantly impact upon take-off 59 
distance, whilst further studies have indicated that jumping efficiency decreases when the 60 
number of hurdles traversed increases (Rodrigues et al., 2014). However, one consideration 61 
when comparing equine research to canine research is the impact of a rider upon the jump 62 
kinematics of adult horses (Lewczuk et al., 2006), hence research examining jump kinematics 63 
in loose schooled horses is useful. Whilst anatomically equines and canines differ it is 64 
reasonable to postulate that similarities and differences will occur when examining jump 65 
kinematics.  66 
 67 
Research examining jump kinematics in canines, whilst still limited in comparison to equines, 68 
is beginning to expand (Birch et al., 2015a, b; Cullen et al., 2013a, b; Pfau et al., 2011). This 69 
could be due, in part, to participation in canine activities increasing annually, thus the need to 70 
understand the sports impact upon the health, welfare and active longevity of the dogs is 71 
paramount. Within the field of canine rehabilitation, range of motion in the joints of healthy 72 
dogs has been established, allowing for abnormal range of motion to be used as a diagnosis 73 
tool (Millis et al., 2004). This has also been replicated in equines (Johnston et al., 2004), 74 
demonstrating the need to establish the kinematics in healthy individuals before focussing on 75 
injuries.  76 
 77 
Canine jump kinematic research to date has focused on agility dogs (Birch et al., 2015 a, b; 78 
Cullen et al., 2013a, b; Pfau et al., 2011; Levy et al., 2009). Canine agility consists of a set 79 
course primarily made up of upright hurdles, set at a predetermined height in relation to the 80 
dogs height, with the set height varying under different regulating bodies (Table I; The 81 
Kennel Club, 2013a; United Kingdom Agility, 2016). This is in stark contrast to equine show 82 
jumping and cross country whereby horses are classified by ability, not height. Competitive 83 
success in agility is largely determined by a dog’s speed and accuracy and with this comes an 84 
increasing need to understand canine jump kinematics in relation to both competitive success 85 
and potential injury risk. Recently, The Kennel Club has amended their regulations with 86 
regards to jump heights, allowing all dogs to jump 10cm lower than their current measured 87 
height category from July, 2016 (The Kennel Club, 2016).  88 
 89 
Table I  90 
 91 
Jump height categories under Kennel Club and UK Agility regulations. 92 
 93 
Height at withers UK Agility Kennel Club 
≤ 350 mm Mini - 300mm Small - 350mm 
351-430 mm Midi – 400mm Medium – 450mm 
431-500 mm Standard – 550mm 
Large – 650mm 
> 500 mm Full – 650mm 
 94 
Research examining injuries in agility dogs determined that hurdles, specifically landing over 95 
hurdles, tight turns upon landing and repetitive contractions of the shoulder joint, were the 96 
most common cause of injuries, with 58% of these injuries occurring during competition. 97 
Shoulders, lumbar spine and neck were the most common injury locations (Cullen et al., 98 
2013a, b; Canapp, 2010; Levy et al., 2009). Cullen et al., (2013a, b) further determined 99 
previous injuries increased the risk of an agility injury whilst increasing experience decreased 100 
the risk.  101 
 102 
When examining jump kinematics, specifically in relation to canine agility, a number of 103 
factors have been determined. Pfau et al., (2011) demonstrated that dogs experienced vertical 104 
forces of up to 4.5 times their body weight in their forelimbs, when jumping a hurdle 105 
compared to a long jump. Similarly, Birch and Lesniak (2012) determined an increased 106 
flexion of the shoulder and increased extension in the lumbar spine when dogs jumped a 107 
hurdle set at 51% higher than themselves compared to 7% lower than themselves. In addition, 108 
the distance between hurdles alters the kinematics of agility dogs. Dogs take-off and land 109 
closer to the hurdle and jump slower when subsequent hurdles are nearer together (Birch et 110 
al., 2015a, b). Furthermore, less experienced dogs take-off and land closer to the hurdle and 111 
jump slower than more experienced dogs (Birch et al., 2015a). Alcock et al., (2015) further 112 
determined that border collies jump faster and have a larger topline angle, than non-collie 113 
breeds, with these differences being reflected in both medium and large KC height categories 114 
(Table I). Hurdle distance and experience further impacts upon apparent neck, lumbar spine 115 
and shoulder angles. These results are of particular interest due to injuries commonly 116 
occurring in these locations. Indeed, specialised rehabilitation veterinary clinics are being set 117 
up to accommodate for an increasing demand from agility competitors (Pet Rehab, 2013; The 118 
SMART clinic, 2014). Furthermore, injury risk decreases as experience increases (Cullen et 119 
al., 2013a), supporting the notion that significant changes in apparent joint angles may be 120 
indicative of injury. These results explain, in part, why injuries commonly occur in these 121 
locations and why injury risk may decrease as experience increases.   122 
 123 
By determining typical jump kinematics in fit, healthy dogs, factors potentially indicative of 124 
injury could be utilised as a tool for early diagnosis (Faber et al., 2004; Millis et al., 2004). 125 
The aim of this study was to examine how certain jump kinematics altered in experienced 126 
agility dogs as hurdle height increased gradually. Length of trajectory, jumping speed (in this 127 
instance the time taken to clear the hurdle) and apparent neck, lumbar spine and shoulder 128 
angles were examined over the gradually increasing hurdle heights. 129 
 130 
Materials and methods 131 
The study gained ethical approval from Nottingham Trent University’s School of ARES 132 
Ethical Review Group (ARES100 22/07/2014) prior to data collection. The study sample 133 
consisted of 20 border collies and border collie crosses (See table II for demographics) 134 
recruited on a voluntary basis. All of the study dogs competed and trained regularly in agility 135 
on a weekly basis and were considered fit, healthy and injury free.  136 
 137 
Table II 138 
 139 
Details of dogs used in the study  140 
 141 
Breed Height to 
withers (cm) 
Weight 
(kg) 
Age 
(years) 
Grade (KC 
Grade)1 
Border Collie  53 18.5 3 5 
Border Collie  44 13 2 3 
Border Collie  52 18 8 6 
Border Collie  48 15 3 4 
Border Collie  46 12 3 6 
Border Collie  49 13 2 5 
Border Collie Cross  58 25 6 3 
Border Collie 47 13 4 5 
Border Collie  49 14.5 5 6 
Border Collie  52 16 2 3 
Border Collie  55 20 5 7 
Border Collie  53 16 4 4 
Border Collie  54 16 2 4 
Border Collie  53 19 4 4 
Border Collie  52 18.5 6 4 
Border Collie 46 14 2 4 
Border Collie  50 14 6 5 
Border Collie  56 21 6 3 
Border Collie  52 15 2 3 
Border Collie  52 19 6 7 
Mean (± S.D) 51 ± 3.6 16.5 ± 3.3 4 ± 3.2 4 ± 2 
 142 
Each dog was measured to the dorsal aspect of the scapula (withers), in line with current 143 
measuring techniques for agility dogs, with age, grade and weight of the dog also recorded. 144 
The study consisted of three hurdles set at 5 m apart (Birch et al., 2015a. b), with a high 145 
definition video camera (JVC GC-PX10 HD, 300fps) sited 5 m away from the second jump 146 
(Figure 1. Layout of the jumps used in the study. Dashed line indicates direction of travel). 147 
The second hurdle was analysed for each dog, with the field of view ensuring take-off and 148 
                                                          
1 Kennel Club Grading System. (2016). Available at https://www.thekennelclub.org.uk/media/271056/aggradingstructure13.pdf  
landing was recorded. Each dog ran the three hurdles in the same order each time, initially 149 
over a pole placed on the floor. The second repetition was set at 15 cm, with hurdle height 150 
subsequently increasing by 10 cm each repetition up to 65 cm. Each dog jumped a total of 21 151 
hurdles during the study with this being well within normal training and competition 152 
parameters. Handlers ran their dogs as they would normally, with two dogs being withdrawn 153 
from subsequent analysis due to failing to complete one or more of the three hurdles. All 154 
dogs were tested outside on grass at their usual training venue, adding to the ecological 155 
validity of the study. 156 
 157 
Video data were subject to downstream analysis using Dartfish software (Schmitz et al., 158 
2014; Khadilkar et al., 2104; Eltoukhy et al., 2012; Borel et al., 2011) with the foot of the 159 
hurdle wing used to calibrate distances (52 cm). Take-off and landing distances were 160 
recorded, alongside duration of jump trajectory, allowing for jump speed to be determined. 161 
Apparent neck, lumbar spine and shoulder angles were analysed for the take-off, suspension 162 
and landing phase of the jump. Take-off distance was defined as the frame immediately prior 163 
to the dog leaving the ground and measured from the tip of the trailing hind limb to the hurdle 164 
wing (Birch et al., 2015a, b; Clayton, 1989). The suspension phase was determined as the 165 
midpoint of the jump in line with equine terminology (Clayton, 1989). The landing phase was 166 
determined as the first frame when the dog made contact with the ground and landing 167 
distance was measured from the back of the leading limb carpus to the hurdle wing (Birch et 168 
al., 2015a, b; Clayton, 1989). The jump duration was recorded between take-off and landing 169 
points. Apparent neck angle was measured from that which formed between C3, the top of 170 
the scapula and the top of the skull; lumbar spine angle was measured from that which 171 
formed between the top of the top of the ilium, base of tail and T13, whilst shoulder angle 172 
was measured from that which formed from top of humerus, the elbow and the top of scapula.   173 
 174 
Due to agility dogs being categorised by wither height, for each dog, the percentage of the 175 
hurdle height in relation to their height at the withers was determined and used for subsequent 176 
analysis. The percentages were further categorised as 0-25%, 26-50%, 51%-75%, 76-100%, 177 
101-125% and 126-150%. This ensured that dogs were grouped evenly (i.e. a dog of 44 cm 178 
jumping a hurdle of 55 cm would be in the same category as a dog of 53 cm jumping a hurdle 179 
of 65 cm). Results are identified as ‘percentage height’ throughout the results and discussion.  180 
  181 
Kogomorov-Smirnov tests were used to asses normality followed by a principal component 182 
analysis (PCA) to asses which component was of most importance. A repeated measures 183 
analysis of variance assessed differences between percentage heights with Tukey post hoc 184 
tests used to extrapolate where these differences lay. Cohen’s d effect size was calculated to 185 
examine the magnitude of the differences. Pearson’s correlations were used to assess 186 
correlations and inter-observer reliability in the data with Dancy and Reidy’s (2014) 187 
categorisations being used to ascribe the strength of the correlation. The alpha level was set at 188 
0.001 with means (± standard error) used to report the differences. All statistical tests were 189 
carried out in SPSS 22.  190 
 191 
Results 192 
Data showed strong levels of inter-observer reliability (distances r[56] = 0.995, P < 0.001; 193 
apparent joint angles r[117] = 0.843, P < 0.001) between two independent researchers. PCA 194 
revealed height to the withers and weight (3.57 and 1.4 respectively) as the most important 195 
components in the data explaining 84% of the variability in the data. The two components 196 
showed significantly strong levels of correlation (r=0.886, P <0.05).  197 
 198 
Jump speed and distance  199 
As percentage height increased, there was a significant decrease in jump speed (F[5,134] = 200 
42.503, P < 0.001; Figure 2. Mean jump speed of dogs for each percentage height. 201 
Differences lie between 0-75% and 76-150% ). Tukey post hoc tests revealed dogs were 202 
significantly slower when the hurdle reached > 76% of their height to the withers. When 203 
examining length of trajectory, there was a significant difference in length of trajectory as 204 
percentage height increased (F[5,134] = 51.585, P < 0.001; Figure 3. Mean length of 205 
trajectory of dogs for each percentage height. Differences lie between 0-50%, 51-125% and 206 
126-150%). Tukey post hoc tests revealed percentages 51-125% had a significantly longer 207 
length of trajectory compared to percentages 0-50% and 126-150%. An effect size of 0.91 208 
and 0.94 respectively, was found, suggesting an important difference between the conditions. 209 
Furthermore, the data showed a significantly strong negative correlation between percentage 210 
height and jump speed (r= -0.830, n = 120, P < 0.001) and a strong positive correlation 211 
between percentage height and length of trajectory (r = 0.740, n = 120, P < 0.001). The results 212 
demonstrate that dogs significantly decrease in speed once the hurdle reaches > 76% of their 213 
height to the withers, whilst length of trajectory significantly increased between 51% - 125% 214 
of their height to the withers before decreasing significantly when jumping > 126% of their 215 
height to the withers.    216 
 217 
Apparent joint angles 218 
During the suspension phase of the jump, there was a significant flexion of the shoulder joint 219 
as percentage height increased (F[5,134] = 11.880, P < 0.001. Figure 4. Mean apparent 220 
shoulder angle during the suspension phase of the jump. Differences lie between 0-75% and 221 
76-150%). Tukey post hoc test revealed a shoulders were significantly more flexed when the 222 
percentage height was 76-150% compared to 0-75%. An effect size of 0.94 was found, 223 
suggesting an important difference between the conditions. The data also showed a moderate 224 
negative correlation between percentage height and shoulder angle (r= -0.564, n = 140, P < 225 
0.001). The results demonstrated that shoulder angle was significantly more flexed when 226 
dogs jumped > 76% of their height to the withers 227 
 228 
During the landing phase of the jump, neck angles showed a significant increase in extension 229 
when percentage height increased (F[5,134] = 16.811, P < 0.001, Figure 5. Mean apparent 230 
neck angles during the landing phase of the jump. Differences lie between 0-75%, 76-125% 231 
and 126-150%). Tukey post hoc tests revealed percentages 126-150% had a significantly 232 
more acute neck angle upon landing, with 76-125% being less acute than 126-150% but more 233 
extended than 0-75%. Lumbar spine angles became significantly more extended dorsally as 234 
percentage height increased (F[5,134] = 6.806, P < 0.001, Figure 5. Mean apparent lumbar 235 
spine angles. Differences lie between 0-100% and 101-150%). Tukey post hoc tests revealed 236 
the differences to be between percentages 0-100% and 101-150%. An effect size of 0.86 and 237 
0.85 respectively, was found, suggesting an important difference between the conditions. 238 
Furthermore, both neck and back angle showed a moderate negative correlation to percentage 239 
height (r= -0.589, n = 140, P < 0.001; r= -0.433, n = 140, P < 0.001) respectively, during the 240 
landing phase of the jump. Neck angles became more acute as percentage height increased 241 
with neck angle becoming significantly more acute when jumping > 76% of their height to 242 
the withers and then again when jumping > 126%. Lumbar spine angles became significantly 243 
more extended dorsally when jumping > 101% of their height to the withers.  244 
 245 
 246 
Discussion 247 
This study sought to examine how the relationship between dog height at the withers and 248 
hurdle height affected jump kinematics. The findings indicate that dogs significantly alter 249 
their jump kinematics as hurdle height increases. Previous research demonstrated a difference 250 
in kinematics over two heights of hurdles (Birch and Lesniak, 2012). This study examines 251 
these differences further by increasing jump height gradually. Theoretically, by increasing the 252 
hurdle height gradually, jump kinematics should also alter gradually. However, this was not 253 
seen with jump kinematics altering significantly when the hurdle reached 75% of their height 254 
to the withers and then again when the hurdle reached in excess of 125% of their height. 255 
These findings indicate that when a hurdle reaches these two heights specifically dogs have to 256 
significantly adapt their jump kinematics to successfully complete the hurdle. The study 257 
sample consisted of trained agility dogs, within a training environment over typical agility 258 
equipment increasing the ecological validity of the study.  259 
 260 
PCA data revealed height to the withers and weight were the most important components as 261 
well as showing a very strong correlation. Dogs are categorised using height to the withers in 262 
agility. Consequently, this study focused on height to the withers to allow for easier end user 263 
application. Similarly, there was a strong correlation between wither height and weight (r = 264 
0.831, n = 40, P < 0.001). Dogs were allocated into the categories to ensure that individual 265 
differences in height were accounted for. The smallest dog analysed was 43.5 cm at the 266 
withers whilst the tallest dog was 58 cm, thus the percentage height of the hurdle compared to 267 
their height to the withers was different. There was no effect of age or experience on the 268 
length of trajectory, jump speed or apparent joint angles as has been previously seen (Birch et 269 
al., 2015a, b; Cullen et al., 2013a, b).   270 
 271 
Overall, jump speed decreased as hurdle height increased, whilst length of trajectory 272 
increased up to 125% before decreasing. The strong negative correlation indicates how jump 273 
speed continually decreases thus, theoretically, dogs jumping ≥ 151% of their height, as is 274 
commonly seen in working trials and gundog trials, will jump slower over these heights. 275 
However, within working trials the jump is commonly a solid object and within gundog trials 276 
they are often carrying game, therefore the jump kinematics may alter again further.  277 
 278 
When considering length of trajectory, dogs had a significantly greater length of trajectory 279 
when the percentage height increased, with there also being a strong negative correlation 280 
between the two. Dogs jumped significantly further when jumping 51-125% of their height 281 
compared to 0-50%. However, this length of trajectory then decreased significantly when 282 
dogs were jumping ≥ 126% of their height. This is of particular interest as, unlike jump 283 
speed, length of trajectory alters significantly at this percentage height illustrating how dogs 284 
jumping ≥ 126% of their height have to significantly alter their jump kinematics to allow for 285 
hurdle clearance. This is in contrast to what is commonly seen in equines whereby take-off 286 
distance continues to increase with hurdle height (Powers, 2002). This decrease may 287 
potentially indicate that dogs are nearing their limits when clearing hurdles of this height.  288 
This decrease in length of trajectory, coupled with apparent neck angles becoming 289 
significantly more extended upon landing demonstrates a steeper jumping bascule when dogs 290 
jump ≥ 126% of their height. Similar findings are seen in equines during a Puissance 291 
competition; however, whilst the jumping arc became steeper, the take-off distance increased 292 
as opposed to decreased (Powers, 2002). This difference could be due to the use of three 293 
consecutive hurdles in this study as opposed to one single fence as is seen in a Puissance 294 
competition. This increased extension may potentially indicate why neck injuries are 295 
commonly seen in agility dogs due to concussive forces experienced when landing over a 296 
hurdle (Cullen et al., 2013a, b; Pfau et al., 2011; Levy et al., 2009). Future studies could 297 
indeed examine if any correlations occur between incidences of neck injuries and height of 298 
the dog. Pfau et al., (2011) demonstrated that dogs experienced vertical forces of up to 4.5 299 
times their body weight when landing over a hurdle, thus a significantly more acute neck 300 
angle could be detrimental to the health and welfare of these dogs due to the concussive 301 
forces they may experience (Zink, 2008). Interestingly, the use of Rollkur (whereby the 302 
horse’s neck is forced into hyperflexion) in equines has been banned within  Fédération 303 
Équestre Internationale (FEI) competitions on welfare grounds (von Borstel et al., 2009). 304 
Whilst this is flexion as opposed to extension, it illustrates the welfare implications of forced 305 
movement outside the normal range (Millis et al., 2004).  306 
Apparent lumbar spine angles also differed during the landing phase of the jump, with them 307 
becoming significantly more extended dorsally when the hurdle was ≥ 101% of itself. This 308 
again is demonstrative of a steeper landing angle when percentage height increases. It could 309 
also be in order to prepare for the next hurdle. For example, a more extended neck angle 310 
could be due to the head needing to be lifted to focus on the third jump and the increased 311 
extension in the lumber spine could be aiding take off for the next hurdle (Zink, 2008). 312 
However, Birch et al., (2015a) demonstrated that some large dogs added a stride when 313 
hurdles were spaced at 5 m apart enabling them to decipher a more optimum take-off distance 314 
(Zink, 2008). Indeed, it is for this very reason that the hurdles in this study were spaced at 5m 315 
apart so that length of trajectory was not confounding on their take-off distances.   316 
During the suspension phase of the jump (Clayton, 1989), shoulder angles became 317 
significantly more flexed as the percentage height increased. This supports previous 318 
kinematic studies (Birch and Lesniak, 2012) and is likely due to dogs having to tuck their 319 
forelimbs in closer to their bodies to allow hurdle clearance. Due to the lack of a clavicle, 320 
shoulder muscles are important not only for active movement but also passive movement 321 
(Budras et al., 2007). Thus increased, repetitive extension and flexion of the shoulder joint 322 
could explain why shoulder injuries commonly occur in agility dogs (Canapp, 2010). In 323 
contrast, the repeated extension and flexion of the shoulder joint could instead strengthen the 324 
muscles resulting in a decreased injury risk. However, strengthening of shoulder muscles is 325 
advised to be conducted in a controlled manner (Millis et al., 2004). Future studies examining 326 
shoulder injuries in dogs should record the height of the dog also to allow this to be examined 327 
further.   328 
Overall, the results suggest that canine jump kinematics alter significantly at particular 329 
percentage relationships of dog height to hurdle height. This generally was between 0 - 75%, 330 
76 - 125% and > 126%. When a hurdle reaches ≥ 76% of their height to the withers, dogs 331 
begin to significantly alter their kinematics. When the hurdle reaches ≥ 126% of their height 332 
to the withers, kinematics alter again resulting in a significantly more acute neck angle and 333 
shorter length of trajectory. The height at which a hurdle should be set at as test of athletic 334 
ability compared to the height at which a hurdle becomes a welfare concern is not yet fully 335 
understood requiring further investigation. However, due to current understanding of 336 
common injury locations and significant differences in these apparent joint angles observed 337 
when hurdle height increases, caution should be aired when categorising dogs by height to 338 
the withers.  Future studies could examine heavier, short legged breeds to determine if 339 
weight, length and height had a different impact on jump kinematics. Indeed, Zink and 340 
Daniels (2011), suggest body height to weight ratios are most important when determining 341 
the height a dog should jump.  342 
The results from this study have implications for sporting dogs required to jump, with it being 343 
the first to examine how kinematics alter over gradually increasing hurdle heights. With 344 
regards to agility specifically, for dogs measuring just into the large height category, the 345 
significant increase in neck extension for dogs falling in this category is a potential welfare 346 
concern. On the contrary, the decreased length of trajectory and jump speed could be a 347 
preventative factor in reducing injuries. However, agility is a competitive sport with this 348 
paper illustrating these dogs are unable to jump at the same speed as taller dogs, ultimately 349 
reducing the competitive nature of the sport. The recent amendments to Kennel Club jump 350 
height regulations illustrates both; the need for scientific research to be used to inform future 351 
rule changes, alongside the public support for change with regard to the health and welfare of 352 
sporting dogs.   353 
 354 
Conclusion 355 
This study illustrates how canines alter their jump kinematics as percentage height increases. 356 
As percentage height increases, jump speed decreases whilst length of trajectory increases. 357 
The study indicates that once a dog reaches a hurdle ≥ 76% of their height, their kinematics 358 
alter, with this then altering further when the hurdle reached ≥ 126% of their height. This 359 
study adds to our current understanding of canine jump kinematics and should be used to 360 
inform training plans for agility dogs particularly when dogs are jumping in excess of 126% 361 
of their height to the withers.  362 
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